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I discuss the two separate issues on neutrino physics. First, the new
bounds on tensorial couplings of neutrinos to charged fermions from the
existing limits on neutrino transition magnetic moments. Second, ex-
planation of the atmospheric and solar neutrino data in the democratic
neutrino theory with only one free parameter (in the leading order), using
the effect of incoherence.
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1 Introduction
The neutrinos were proposed by W. Pauli in 1930 [1] and first detected by C. Cowan
and F. Reines in 1956 [2]. However number of questions on their nature and properties
remain unknown [3], e.g., absolute scale and type (Dirac or Majorana) of their masses.
There are two ways of searching for the true knowledge in particle physics. First,
we can generically parametrize possible new physics effects and try to find some
correlations with present experimental anomalies. Second, one may reanalyze basics
of the underlying theory, which may help to reject number of unphysical results
at once. Good example of application of these two methods in astronomy was a
historical competition of a developed Ptolemy’s and early Copernican models of the
solar system.
In this proceedings I present the two recent researches on the neutrino physics
made in both discussed approaches. In the next section I introduce the new con-
straints on the non-standard neutrino interactions (NSI) from the bounds on neutrino
magnetic moments (NMM) derived by K. Healey, A. Petrov and DZ [4]. In section 3
I discuss explanation of the main neutrino experimental results within a new model
of democratic neutrinos with significant role of the incoherence of solar neutrinos
discovered by DZ [5].
2 Neutrino Magnetic Moment from Nonstandard
Interactions
2.1 Neutrino Magnetic Moment
NMM µαβ can be defined by the Hermitian form factor f
M
αβ(0) ≡ µαβ of the term [6]
− fMαβ(q2) uβ(p2) iσµνqνuα(p1) (1)
in the effective neutrino electromagnetic current
〈νβ(p2)|jeffµ (0)|να〉 = uβ(p2) Λµ(p2, p1)uα(p1), (2)
where α, β = e, µ, τ are the flavor indices, u are the spinors, and q = p2 − p1.
In the Standard Model (SM), minimally extended to include Dirac neutrino masses,
NMM is suppressed by small masses mi of observable neutrinos [3]. The diagonal and
transition magnetic moments are calculated in the SM to be [6, 7, 8, 9]
µDii ≈ 3.2× 10−20
( mi
0.1 eV
)
µB (3)
and
µDij ≈ −4× 10−24
(
mi +mj
0.1 eV
) ∑
ℓ=e,µ,τ
(
mℓ
mτ
)2
U∗ℓiUℓj µB, (4)
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respectively, where µB = e/(2me) = 5.788× 10−5 eVT−1 is the Bohr magneton, and
Uℓi is the leptonic mixing matrix. In case of Majorana neutrinos
µMij = 2µ
D
ij (µ
M
ij = 0) (5)
for the opposite (same) CP phases of ith and jth neutrino mass states.
The best bound on NMM, derived from globular cluster red giants energy loss [10],
µν < 3× 10−12 µB (6)
is far from the SM value. The best present laboratory constraint on NMM
µνe < 2.9× 10−11 µB (90% C.L.) (7)
was obtained in νe–e elastic scattering experiment GEMMA [11].
NMM generically induces a radiative correction to the neutrino mass, which con-
strains NMM [12, 13]. In the case of diagonal NMM, which is possible only for
Dirac neutrinos, the correspondent bound, µαα . 10
−14 µB, significantly strengthens
Eq. (6). However, the transition NMM, which is possible for both Dirac and Majo-
rana neutrino types, is antisymmetric in the flavor indices, and may be suppressed
by the SM Yukawas etc., which gives much weaker bound of µαβ . 10
−9 µB [13].
2.2 Nonstandard Neutrino Interactions
There have been many analyses of NSI in neutrino oscillations and neutrino-nucleus
scattering experiments [7, 14, 15, 16, 17, 18, 19]. Recently the possibility to constrain
NSI, using the existing bounds on transition NMM, was pointed out [4].
Provided that the scale of new physics M is large compared to the electroweak
one, NSI of ννff type at low-energy scales can be written as [15, 16, 18, 19, 20, 21, 22]
−Leff =
∑
a
ǫfaαβ
M2
(νβΓaνα)(fΓaf) + H.c., (8)
where ǫfaαβ are NSI couplings, f denotes the component of an arbitrary weak doublet,
Γa = {I, γ5, γµ, γµγ5, σµν}, a = {S, P, V, A, T} and σµν = i[γµ, γν]/2. Typically only
left-handed neutrinos are considered in the literature. This chirality constraint that
allows ννff interaction only of (axial)vector type does not describe possible leading
NSI contribution to NMM. However a tensor term in Eq. (8) can be generated by the
Fierz transformation of the scalar terms among the effective low-energy operator set
∑
a
ǫ˜faαβ
M2
(νβΓaf)(fΓaνα) + H.c., (9)
which is presented in models with scalar leptoquarks [23], R-parity-violating super-
symmetry [24], etc.
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2.3 Theoretical results
We have found the lowest-order NSI contributions to the transition NMM, using the
generic ννff parametrization in Eq. (8). In particular, the operator
ǫqαβ
M2
(νβσµννα)(qσ
µνq), (10)
where ǫqαβ ≡ ǫqTαβ is real, generates NMM
µαβ = µ
0
αβ −
∑
q
ǫqαβ
NcQq
π2
memq
M2
ln
(
M2
m2q
)
µB, (11)
where Nc = 3 is the number of colors, Qq is the electric charge of the quark, and µ
0
αβ
denotes the subleading part of NMM that is not enhanced by the large logarithm.
Eq. (11) reproduces the leading order in the exact result, which can be derived in
the model with scalar LQs; see Ref. [23] for the exact expressions on diagonal NMM.
Similarly, for the interactions of neutrinos with charged leptons ℓ,
ǫℓαβ
M2
(νβσµννα)(ℓσ
µνℓ), (12)
µαβ = µ
0
αβ +
∑
ℓ
ǫℓαβ
π2
memℓ
M2
ln
(
M2
m2ℓ
)
µB (13)
with ǫℓαβ ≡ ǫℓTαβ . We notice that the dominant logarithmic terms may not contribute
to NMM in certain models, e.g., in the SM, due to a mutual compensation between
the relevant diagrams [9]. For the new physics scale M = 1 TeV, using Eq. (6) and
taking one nonzero ǫfαβ at a time, we obtain the constraints shown in Table 1.
Table 1: Upper bounds on the couplings ǫfαβ .
|ǫℓαβ| Upper bound |ǫqαβ | Upper bound |ǫqαβ| Upper bound
|ǫeαβ| 3.9 |ǫdαβ | 0.49 |ǫuαβ| 0.49
|ǫµαβ| 3.0× 10−2 |ǫsαβ | 3.3× 10−2 |ǫcαβ| 1.7× 10−3
|ǫταβ| 2.6× 10−3 |ǫbαβ | 1.2× 10−3 |ǫtαβ| 4.8× 10−5
The neutrino-electron and neutrino-nucleus scattering also may constrain the ten-
sorial NSI [17]. Using the cross section for the νe–e scattering published by the
3
TEXONO Collaboration [25] and taking M = 1 TeV, the bound |ǫeeβ| < 6.6 at 90%
C.L. can be obtained [17], and for the GEMMA sensitivity in Eq. (7) we have
|ǫeeβ| < 2.7 (90% C.L.), (14)
which slightly improves the respective bound from NMM. The planned νe–nucleus
coherent scattering experiments can reach the sensitivity of |ǫu,deβ | < 0.2 (M/1TeV)2
at 90% C.L. [17], which would also improve the respective bounds in Table 1.
3 Democratic Neutrinos and Incoherence
3.1 Neutrino Masses and Mixing
Consider the mass term for three left-handed Majorana neutrinos
Lνm = −
1
2
∑
αβ
νcαLMαβνβL +H.c., (15)
where α, β = e, µ, τ are the flavor indices, c denotes charge conjugation, and
M = m

 0 1 11 0 1
1 1 0

 (16)
is a “democratic” mass matrix, which is invariant under the permutation group of
three elements S3 [26, 27, 28]. The eigenvalues of M result in the mass spectrum
∗
{m,m, 2m}, (17)
and the eigenvectors form the mixing matrix of tri-bimaximal [27, 29, 30, 31] type
U = R12(θ12)× R23(θ23)
=

 c12 s12c23 s12s23−s12 c12c23 c12s23
0 −s23 c23

 =


1√
2
1√
6
1√
3
− 1√
2
1√
6
1√
3
0 − 2√
6
1√
3

 (18)
with cij ≡ cos θij , sij ≡ sin θij , θ12 = 45◦, θ23 = π/2− arctan(1/
√
2) ≈ 54.7◦ and non-
standard order of multiplication of the Euler matrixes Rij (compare with Ref. [31]).
Note that U is naturally formed by the eigenvectors of M (the eigenvector in the
last column of U corresponds to the larger eigenvalue ofM), and is different from the
ordinary tri-bimaximal and “democratic” mixing patterns (see, e.g., Ref. [32]), which
fail to explain the solar neutrino data by the incoherence, as we do in section 3.3.
∗It is naturally if the degeneracy among the two masses in this spectrum is slightly violated by
small perturbations of the matrix M .
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3.2 Atmospheric Neutrinos: Oscillations
For L≪ Lcohij and σx ≪ Loscij the neutrino oscillation probability can be written as
Pνα→νβ(L,E) =
∑
i
|Uαi|2|Uβi|2 + 2
∑
i>j
|U∗αiUβiUαjU∗βj | cos (φosc − φ) , (19)
where L is the base, Lcohij (L
osc
ij ) is the coherence (oscillation) length, σx is the neutrino
wave packet size, φosc = ∆m
2
ijL/(2E) = 2πL/L
osc
ij and φ = arg(U
∗
αiUβiUαjU
∗
βj).
For the neutrino masses in Eq. (17) and mixing in Eq. (18) we have
Pνe→ντ (L,E) = Pνµ→ντ (L,E) = 4s
2
12c
2
23s
2
23 sin
2
(
∆m2L
4E
)
=
4
9
sin2
(
∆m2L
4E
)
, (20)
Pνe→νµ(L,E) = 4c
2
12s
2
12s
4
23 sin
2
(
∆m2L
4E
)
=
4
9
sin2
(
∆m2L
4E
)
, (21)
where ∆m2 ≡ m23 −m2i<3 = 3m2. Using the atmospheric neutrino mass splitting [3]
∆m2a = (2.06–2.67)× 10−3 eV2 (99.73% CL), (22)
the absolute neutrino mass scale can be determined as
0.026 eV < m < 0.030 eV. (23)
The difference between the e-like and µ-like event distributions in the Super-
Kamiokande [33] can be explained using the matter effect on neutrinos which travel
through Earth, e.g., for the Earth’s core electron number density N
c
e ≈ 5.4 cm−3 NA
Pmνe→νx(L,E) ≈ 0.05 sin2
(
2.8
∆m2L
4E
)
, (24)
with x = µ, τ , which is significantly suppressed with respect to Pνµ→ντ in Eq. (20).
Note that the large amplitude of muon neutrino oscillations is explained from
Eqs. (20) and (21) by the muon neutrino oscillations to the electron and tau neutrinos.
3.3 Solar Neutrinos: Incoherence
Solar νs are detecting using charged-current (CC) and neutral current (NC) reactions
νe + d → e− + p+ p,
νℓ + d → νℓ + p+ n. (25)
Ratio of the neutrino fluxes measured by Sudbury Neutrino Observatory (SNO) with
CC and NC events is [3, 34]
ΦCCSNO
ΦNCSNO
=
1.68± 0.06+0.08−0.09
4.94± 0.21+0.38−0.34
= 0.340+0.074−0.063. (26)
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For solar neutrinos with the energies E . 10 MeV the oscillations due to ∆m2a
proceed in the matter of the Sun as in vacuum [3]. In the natural limit
Lcohij =
4
√
2E2
|∆m2ij |
σx ≪ L, (27)
where L ≈ 1.5× 108 km is the Sun-Earth distance, the oscillation probability takes a
simple incoherent form
P incohνα→νβ =
∑
i
|Uαi|2|Uβi|2. (28)
(Moreover the oscillations due to ∆m2 should be averaged out already because of the
lack of the emitter localization [35, 36].†) Using Eq. (18), in perfect agreement with
the experimental data in Eq. (26) we have
ΦCCsol
ΦNC
sol
=
P incohνe→νe∑
β P
incoh
νe→νβ
=
∑
i
|Uei|4 = 7
18
≃ 0.39. (29)
3.4 Predictions of Theory with Democratic Neutrinos
Few basic predictions of the considered theory are as follows
• Low energy β decays
The effective neutrino mass can be calculated using Eqs. (18) and (23) as
〈mβ〉 ≡
√∑
i
m2i |Uei|2 = m
√
2 ≈ 0.04 eV, (30)
which is much below the KATRIN sensitivity of 0.2 eV [37], but can be probed
by next sub-eV experiments (MARE, ECHO, Project8, etc.).
• Neutrinoless Double Beta Decay
Effective Majorana neutrino mass in the 0ν2β decay is vanishing.
• Neutrino (Transition) Magnetic Moment
Using Eqs. (4), (5), (17), (18) and (23), we have µ23 ≈ 3.4×10−24 µB ≫ µ12, µ13.
In conclusion, the two researches in the neutrino physics are presented. First,
within a generic parametrization the tensorial nonstandard neutrino interactions are
†The oscillations due to possible violation of the degeneracy in Eq. (17) are suppressed by the
solar matter effect.
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constrained, using the experimental bounds on the neutrino magnetic moments. Sec-
ond, the basics of the neutrino theory and explanation of the neutrino experiments
are reconsidered, and variety of the neutrino data are explained, using the simplest
symmetric Lagrangian for the three neutrino species and incoherence of the solar
neutrinos at the Earth.
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